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EODFN UHG DQG EOXH GRWV H[SHULPHQWDO UHVXOWV JUH\ OLQH ILWZLWK
S] SͼH[SDͼ]
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]ƌсϮϱϬŶŵ ]ƌсϱϬϬŶŵ
) ΀:ͬĐŵϸ΁с ) ΀:ͬĐŵϸ΁с
Ϯϭ ϭϵ ϭϲ ϭϮ ϵ ϲ ϰ Ϯϭ ϭϵ ϭϲ ϭϮ ϵ ϲ ϰ
Eс ϮϬ ϮϬ
ϭϵ ϭϵ
ϭϴ ϭϴ
ϭϳ ǁ ϭϳ ǁ
ϭϲ ϭϲ ǁ
ϭϱ ϭϱ
ϭϰ ϭϰ
ϭϯ ǁ ϭϯ
ϭϮ ϭϮ ǁ
ϭϭ ϭϭ
ϭϬ ǁ ϭϬ
ϵ ǁ ϵ
ϴ ǁ ǁ ǁ ϴ ǁ ǁ ǁ
ϳ ǁ ǁ ϳ ǁ ǁ
ϲ ϲ ǁ ǁ
ϱ ϱ ǁ
ϰ ϰ
ϯ ϯ
Ϯ Ϯ
ϭ ϭ
]ƌсϳϱϬŶŵ ]ƌсϭϬϬϬŶŵ
) ΀:ͬĐŵϸ΁с ) ΀:ͬĐŵϸ΁с
Ϯϭ ϭϵ ϭϲ ϭϮ ϵ ϲ ϰ Ϯϭ ϭϵ ϭϲ ϭϮ ϵ ϲ ϰ
Eс ϮϬ ϮϬ ǁ
ϭϵ ϭϵ
ϭϴ ϭϴ
ϭϳ ϭϳ
ϭϲ ǁ ϭϲ
ϭϱ ϭϱ
ϭϰ ϭϰ
ϭϯ ϭϯ ǁ
ϭϮ ϭϮ ǁ
ϭϭ ϭϭ
ϭϬ ǁ ǁ ϭϬ ǁ
ϵ ǁ ϵ ǁ ǁ
ϴ ǁ ǁ ǁ ϴ ǁ ǁ
ϳ ϳ ǁ ǁ ǁ
ϲ ϲ ǁ
ϱ ϱ
ϰ ϰ ǁ͗ƐǁĞůůŝŶŐ
ϯ ϯ ƉĞŶĞƚƌĂƚŝŽŶ
Ϯ Ϯ ĚĞůĂŵŝŶĂƚŝŽŶƌ
ϭ ϭ ĚĞůĂŵŝŶĂƚŝŽŶ^hͲϴ
$WKLJKHUPHWDOOD\HUWKLFNQHVVHV]QPDQGVXEVHWODVHUSDUDPHWHUVWKHLUUDGLDWLRQLQGXFHVWKHGHODPLQDWLRQ
RIWKHFKURPLXPLQFOXGLQJWKH68OD\HUDVVHHQLQ)LJ\HOORZPDUNHGDUHDV
)XUWKHUWKHRSWLFDOLQVSHFWLRQRIWKHUHVXOWDQWVWUXFWXUHVSUHVHQWVLQWKHVDPHFDVHVDVZHOOLQJRIWKHVXUIDFHRQ
WKHIURQWVLGHDWVHOHFWLYHODVHUSDUDPHWHUVDVVHHQLQ)LJDUHDVPDUNHGZLWKDEODFN³Z´

)LJ6XPPDU\RIWKHHIIHFWVRQWKHIURQWVLGHLQGXFHGE\DQLUUDGLDWLRQRIWKHUHDUVLGHRIWKH68&U3,VDPSOHDWGLIIHUHQWFKURPLXPPHWDO
OD\HU WKLFNQHVVHV] QPQPQPDQGQP 5HG IXOOSHQHWUDWLRQRI WKHVDPSOHJUHHQGHODPLQDWLRQRI WKH68\HOORZ
GHODPLQDWLRQRIWKH&ULQFOXGLQJWKH68ZVZHOOLQJRIWKHIURQWVLGHVXUIDFH

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([HPSODU\PLFURVFRSLF LPDJHV RI WKH LUUDGLDWHG VDPSOHV DUH VXPPDUL]HG LQ )LJ 7KH LUUDGLDWLRQZLWK KLJK
QXPEHUVRI ODVHUSXOVHV1DW)a-FPðHJDW]&U QP UHVXOWV LQDIXOOSHQHWUDWLRQRI WKHVDPSOHDV
VHHQLQ)LJDDQGE(VSHFLDOO\WKHWUDQVPLWWHGOLJKWPLFURVFRSLFLPDJHDVVHHQLQ)LJESUHVHQWVWKHIXOO
SHQHWUDWLRQRIWKHVDPSOH7KHUHGXFWLRQRIWKHQXPEHURISXOVHVWR1 DW]&U QPDQG)a-FPðDOORZV
WKH GHODPLQDWLRQRI WKH68 DV VHHQ LQ)LJF DQG G%HVLGHV WKHGHODPLQDWLRQ DOVR DPRGLILFDWLRQRI WKH
XQGHUO\LQJFKURPLXPOD\HUFDQEHGHWHFWHG


7KHLUUDGLDWLRQLQGXFHVDEXOJHLQWRWKHPHWDOOD\HUDVVHHQLQ)LJFZKHUHWKHKLJKUHVROXWLRQPLFURVFRSLF
LPDJH SUHVHQWV D EUDFNLQJ RI WKH FKURPLXP OD\HU DV VHHQ LQ )LJG )XUWKHU WKH LUUDGLDWLRQ 1 
) -FPð RI VDPSOHVZLWK WKLFNHUPHWDO OD\HUV ]&U QP UHVXOWV LQ WKH GHODPLQDWLRQ RI WKH FKURPLXP
OD\HULQFOXGLQJWKH68OD\HUDVVHHQLQ)LJHDQGIZKHUHDWWKHUHIOH[LRQOLJKWPLFURVFRSLFLPDJHDVVHHQ
LQ)LJH LW LVYLVLEOHDVDGDUNDUHDGXH WR WKH ORZHU UHIOHFWLYLW\RI WKHSRO\LPLGH LQFRPSDULVRQ WR WKHPHWDO
OD\HUDVVHHQLQ)LJHDQGDWWKHWUDQVPLWWHGOLJKWPLFURVFRSLFLPDJHWKHFKURPLXPGHODPLQDWHGDUHDLVYLVLEOH
DVDEULJKWDUHDDVVHHQLQ)LJI%HVLGHWKHFKURPLXPGHODPLQDWLRQDOVRDQ68GHODPLQDWLRQFDQEHGHWHFWHG
ZKHUH WKH68GHODPLQDWHGDUHD LV ODUJHU WKDQ WKHFKURPLXPGHODPLQDWHGDUHDDVVHHQ LQ)LJH)XUWKHU LQ
DJUHHPHQWZLWKWKHLUUDGLDWLRQRIWKHVDPSOHVZLWKWKHWKLQPHWDOOD\HUDOVRDEXOJHIRUPDWLRQDWWKHWKLFNPHWDOOD\HU
VDPSOHVFDQEHIRXQG7KLVEXOJHIRUPDWLRQFDQHVSHFLDOO\EHGHWHFWHGXVLQJZKLWHOLJKWLQWHUIHURPHWU\DVVHHQLQ
)LJ,Q)LJDWKH:/,LPDJHDVZHOODVDOLQHSURILOHRIDQLUUDGLDWHGVDPSOHZLWKDPHWDOOD\HUWKLFNQHVVRI
]&U QPDW1 DQG)a-FPð LVVKRZQ$W WKH OLQHSURILOH )LJE UHG OLQH WKHGLIIHUHQWDUHDVDUH
FRORXUFRGHGWKHFKURPLXPFRYHUHGDUHDVDUHEODFNPDUNHGDQGWKHSRO\LPGHDUHDFKURPLXPGHODPLQDWHGDUHDLV
EOXHPDUNHG$WWKHXVHGODVHUSDUDPHWHUVDEXOJLQJRIWKHSRO\LPLGHZLWKDKHLJKWRIaPDQGDIXOOZLGWKDWKDOI
PD[LPXP):+0RI'Z):+0aPFDQEHGHWHFWHG

]&U QP1 ) -FPð
D
]&U QP1 ) -FPð
F
]&U QP1 ) -FPð
H
]&U QP1 ) -FPð
WUDQVPLWWHGOLJKW
E
]&U QP1 ) -FPð
KLJKUHVROXWLRQ
G
]&U QP1 ) -FPð
WUDQVPLWWHGOLJKW
I
)LJ2SWLFDOPLFURVFRSLFLPDJHVRILUUDGLDWHGVDPSOHVZLWKGLIIHUHQWPHWDOOD\HUWKLFNQHVVHV]&U QPDQG]&U QPDWDODVHUIOXHQFH
RI) -FPðDVZHOODVDWGLIIHUHQWQXPEHUVRIODVHUSXOVHV1
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'LVFXVVLRQ
7KH LUUDGLDWLRQRI WKH UHDU VLGHRIDPXOWLOD\HU V\VWHPP68±PFKURPLXP OD\HURQDP
SRO\LPLGHVXEVWUDWHUHVXOWVLQDGHODPLQDWLRQRIWKHOD\HUV\VWHPZKHUHWKHUHVXOWVDUHGHSHQGHQWRQWKHPHWDOOD\HU
WKLFNQHVV$WVPDOOPHWDO OD\HU WKLFNQHVVHV]&U ±QPWKHUHDUVLGHLUUDGLDWLRQRI WKHSRO\LPLGHVXEVWUDWH
FDXVHVWKHGHODPLQDWLRQRIWKH68DWVXLWDEOHODVHUSDUDPHWHUVDVVHHQLQ)LJ)XUWKHUDEXOJLQJLQFOXGLQJD
FUDFNLQJ RI WKH PHWDO OD\HU FDQ EH GHWHFWHG DV VHHQ LQ )LJ $W KLJKHU PHWDO OD\HU WKLFNQHVVHV
]&U ±QP WKH LUUDGLDWLRQ UHVXOWV LQ WKHGHODPLQDWLRQRI WKHPHWDO OD\HU LQFOXGLQJ68DW VXLWDEOH ODVHU
SDUDPHWHUV DVVHHQ LQ)LJZKHUHDOVRDEXOJLQJRI WKHSRO\LPLGHRI WKH IURQWVLGHFDQEHGHWHFWHGDVVHHQ LQ
)LJDQG)LJ
7KH GHODPLQDWHG 68 DQG &U DUHDV H[KLELW D UDQGRP VKDSH UHVSHFWLYHO\ DV VHHQ LQ )LJ DQG  GXH WR WKH
PHFKDQLFFUDFNSURFHVV+RZHYHUWKHSUHYLRVVWXGLHV>@LPSO\WKDWWKHDYHUDJHVL]HRIWKHGHODPLQDWHGDUHDLV
UHSURGXFLEOHDQGGHSHQGHQWRQWKHODVHUSDUDPHWHUVODVHUIOXHQFH)DQGQXPEHURIODVHUSXOVHV1
)RU D VXFFHVVIXO GHODPLQDWLRQ DQ DGHTXDWH VWUHVVPXVW EH LQGXFHG DW WKH LQWHUIDFH 7KDWPHDQV ILUVW WKH ODVHU
DEODWLRQSURFHVVPXVWLQGXFHDQDGHTXDWHVKRFNZDYHLQGXFHGSUHVVXUHZKHUHWKHSUHVVXUHLQFUHDVHVZLWKLQFUHDVLQJ
ODVHUIOXHQFHDVVHHQLQ)LJD6HFRQGDWKLQLQJRIWKHSRO\LPLGHVXEVWUDWHLVVRPHWLPHVQHFHVVDU\GXHWRWKH
GDPSLQJ RI WKH VKRFN ZDYH LQVLGH WKH SRO\LPGH VXEVWUDWH DV VHHQ LQ )LJE $W )a-FPð DQG DW
]&U QPQRWKLQLQJLVQHFHVVDU\IRUDVXFFHVVIXOGHODPLQDWLRQRIWKHPHWDOOD\HUDVVHHQLQ)LJZKHUHDW
]&U QPDUHVLGXDO3,WKLFNQHVVRIaPLVVXLWDEOHIRUDVXFFHVVIXOGHODPLQDWLRQ
$W WKH QRQSHQHWUDWHG VDPSOHV QR WKHUPDOPRGLILFDWLRQV RI WKH OD\HU V\VWHP FDQ EH GHWHFWHG7KHPXOWLSXOVH
LUUDGLDWLRQUHVXOWVLQDWKLQLQJRIWKHSRO\LPLGHVXEVWUDWHZKHUHLWLVPRVWOLNHO\WKDWDWWKHGHODPLQDWHGVDPSOHVWKH
UHVLGXDOSRO\LPGHLQWKHRUGHURIDIHZPWKHUPDOO\SURWHFWVWKHOD\HUV\VWHPGXHWRWKHVPDOOWKHUPDOGLIIXVLRQ
OHQJWKRIWKHSRO\LPLGHDVVHHQLQ)LJ7KDWPHDQVDVLJQLILFDQWLQFUHDVLQJRIWKHWHPSHUDWXUHLQWKHPXOWLOD\HU
V\VWHPFDQEHH[FOXGHG
7KHGHODPLQDWLRQLVLQGXFHGE\DVWUHVVRQWKHLQWHUIDFHZKHUHWZRHIIHFWVFDQLQGXFHDVWUHVVWKHUHIOHFWLRQRI
WKHVKRFNZDYHLQGXFHVDVWUHVVRQWKHVXUIDFHDQGWKHFRPSOHWHEHQGLQJRIWKHV\VWHPLQGXFHVDVWUHVVLQVLGHWKH
OD\HUV\VWHP
%DVHG RQ WKH PDWHULDO SDUDPHWHUV DV VHHQ LQ )LJ LW LV SUHGLFWDEOH WKDW D PDLQ SDUW RI WKH VKRFN ZDYH LV
UHIOHFWHGRQWKH3,&ULQWHUIDFHZKHUHWKLVUHIOHFWLRQLQGXFHVDVWUHVVDWWKHLQWHUIDFH
)XUWKHUWKHEHQGLQJRIWKHV\VWHPLQGXFHVDVWUHVVLQVLGHWKHOD\HUV\VWHP$WOD\HUV\VWHPVZLWKWKLQPHWDOOD\HUV
]&U ±QPWKHEXOJLQJIRUPDWLRQLQGXFHVDGHODPLQDWLRQRIWKH68ZKHUHWKHVWUHVVLQVLGHWKH&UOD\HU

D
E
)LJD:/,PHDVXUHPHQWRIDQLUUDGLDWHGVDPSOHZLWKDPHWDOOD\HUWKLFNQHVVRI]&U QPDW1 DQG)a-FPJUH\OLQHSRVLWLRQ
RIOLQHSURILOHEOLQHSURILOHRIDQLUUDGLDWHGVDPSOHUHGOLQHZKHUHWKHGLIIHUHQWDUHDVDUHFRORXUFRGHGEODFNFKURPLXPFRYHUHGDUHDV
EOXHSRO\LPLGHDUHDFKURPLXPGHODPLQDWHGDUHD1RWH7KHOLQHSURILOHZDVFRUUHFWHGE\DOLQHDUEDFNJURXQGFRUUHFWLRQ
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FDQ EH UHGXFHG E\ D FUDFNLQJ RI WKH OD\HU DV VHHQ LQ )LJ $W OD\HU V\VWHPV ZLWK WKLFN PHWDO OD\HUV
]&U ±QPWKHLUUDGLDWLRQUHVXOWVLQDGHODPLQDWLRQRIWKHFKURPLXPLQFOXGLQJWKH68,WLVPRVWOLNHO\
WKDWDWWKLFNHUPHWDOOD\HUVWKHGHODPLQDWLRQSURFHVVLVHQHUJHWLFDOO\SUHIHUUHGLQFRPSDULVLRQWRDFUDFNIRUPDWLRQ
SURFHVV

&RQFOXVLRQDQGRXWORRN
7KH VKRFNZDYHLQGXFHG WKLQILOPGHODPLQDWLRQ 6:,)'SURFHVVDOORZV WKHQRQWKHUPDO VWUXFWXULQJRIPXOWL
OD\HU V\VWHPV ZKHUH WKH GHODPLQDWLRQ SURFHVV LV GHSHQGHQW RQ WKH ODVHU SDUDPHWHUV DV ZHOO DV RQ WKH OD\HU
SDUDPHWHUV HVSHFLDOO\ RQ WKH OD\HU WKLFNQHVV 7R LPSURYH WKH SK\VLFDO XQGHUVWDQGLQJ RI WKH PHWKRG D IXUWKHU
DQDO\VLV RI WKH GHODPLQDWLRQ SURFHVV HVSHFLDOO\ RQ OD\HU V\VWHPV ZLWK DGMXVWDEOH DGKHVLRQ IRUFHV LV PRVW OLNHO\
KHOSIXO
7KH VWXG\ VKRZV WKH VXFFHVVIXO EDVLF DSSOLFDWLRQ RI WKH 6:,)' SURFHVV WKH VHOHFWLYH VWUXFWXULQJ RI OD\HU
V\VWHPVZKLFKZDVDOUHDG\SUHVHQWHGDWGLIIHUHQWV\VWHPV>@)XUWKHUWKHUHVXOWVLPSO\WKDWWKHSURFHVVDOVR
DOORZV VWUXFWXULQJ RI D VXEVWUDWH VXUIDFH GXH WR D VKRFNZDYHLQGXFHG PDVNDVVLVWHG DQG PDVNOHVV HPERVVLQJ
SURFHVV>@
$FNQRZOHGJHPHQWV
:HDUHJUDWHIXO IRU IXQGLQJ IURP WKH*HUPDQ5HVHDUFK)RXQGDWLRQ ')*'HXWVFKH)RUVFKXQJVJHPHLQVFKDIW
XQGHU=,
5HIHUHQFHV
>@:HKUPDQQ$3XWWQLQV6+DUWPDQQ/(KUKDUGW0/RUHQ]3=LPPHU.$QDO\VLVRIODVHUVFULEHVDW&,*6WKLQILOPVRODUFHOOV
E\ORFDOL]HGHOHFWULFDODQGRSWLFDOPHDVXUHPHQWV2SWLFV	/DVHU7HFKQRORJ\
>@*HF\V35DFLXNDLWLV*:HKUPDQQ$=LPPHU.%UDXQ$5DJQRZ66FULELQJRI7KLQ)LOP6RODU&HOOVZLWK3LFRVHFRQGDQG
)HPWRVHFRQG/DVHUV-RXUQDORI/DVHU0LFUR1DQRHQJLQHHULQJ±
>@.DUQDNLV'.HDUVOH\$.QRZOHV08OWUDIDVW/DVHU3DWWHUQLQJRI2/('VRQ)OH[LEOH6XEVWUDWHIRU6ROLGVWDWH/LJKWLQJ-RXUQDORI
/DVHU0LFUR1DQRHQJLQHHULQJ±
>@1DLWKDQL66FKDXEURHFN'9HUFDPPHQ<0DQGDPSDUDPELO5<DNLPHWV,9DQ9DHFN/9DQ6WHHQEHUJH*([FLPHUODVHU
SDWWHUQLQJRI3('27366WKLQILOPVRQIOH[LEOHEDUULHUIRLOV$VXUIDFHDQDO\VLVVWXG\$SSOLHG6XUIDFH6FLHQFH±
>@6FKDHIHU0+ROWNDPS-*LOOQHU$$EODWLRQRI3('27366ZLWKH[FLPHUODVHUVIRUPLFURVWUXFWXULQJRIRUJDQLFHOHFWURQLFGHYLFHV
6\QWKHWLF0HWDOV±
>@%lXHUOH'³Laser Processing and Chemistry´WKHG6SULQJHU%HUOLQ
>@%X]DV$*HUHWRYV]N\=1DQRVHFRQGODVHULQGXFHGVHOHFWLYHUHPRYDORIWKHDFWLYHOD\HURI&X,Q*D6HVRODUFHOOVE\VWUHVVDVVLVWHG
DEODWLRQ3K\VLFDO5HYLHZ%
>@(KUKDUGW0:HKUPDQQ$/RUHQ]3=LPPHU.3DWWHUQLQJRI&,*6WKLQILOPVLQGXFHGE\UHDUVLGHODVHUDEODWLRQRISRO\LPLGH
FDUULHUIRLO$SSOLHG3K\VLFV$±
>@'LQJ.<H/³Laser Shock Peening: Performance and Process Simulation´VWHG&5&3UHVV%RFD5DWRQ
>@ /RUHQ] 3 6PDXV] 7 &VL]PDGLD 7 (KUKDUGW0 =LPPHU . +RSS %  6KDGRZJUDSK VWXGLHV RI ODVHUDVVLVWHG QRQWKHUPDO
VWUXFWXULQJRIWKLQOD\HUVRQIOH[LEOHVXEVWUDWHVE\VKRFNZDYHLQGXFHGGHODPLQDWLRQSURFHVVHV$SSOLHG6XUIDFH6FLHQFH±
>@ /RUHQ] 3 (KUKDUGW 0 =LPPHU .  /DVHU 6WUXFWXULQJ RI 7KLQ /D\HUV IRU )OH[LEOH (OHFWURQLFV E\ D 6KRFN :DYHLQGXFHG
'HODPLQDWLRQ3URFHVV3K\VLFV3URFHGLD±
>@(KUKDUGW0/RUHQ]3%D\HU/0ROSHFHUHV&$QWRQLR+HUUHUD5DPLUH]&=LPPHU.6HOHFWLYHVWUXFWXULQJRIPXOWLOD\HU
IXQFWLRQDO WKLQ ILOPV XVLQJ D ODVHULQGXFHG VKRFNZDYH GHODPLQDWLRQ SURFHVV 3KRWRQLFV :HVW  3URFHHGLQJV RI 63,(  /DVHU
$SSOLFDWLRQVLQ0LFURHOHFWURQLFDQG2SWRHOHFWURQLF0DQXIDFWXULQJ/$020;;,
>@%RYDWVHN-7DPKDQNDU$3DWHO56%XOJDNRYD10%RQVH-7KLQILOPUHPRYDOPHFKDQLVPVLQQVODVHUSURFHVVLQJRISKRWR
YROWDLFPDWHULDOV7KLQ6ROLG)LOPV±
>@:DQJ-/:HDYHU5/6RWWRV15$SDUDPHWULFVWXG\RIODVHULQGXFHGWKLQILOPVSDOODWLRQ([SHULPHQWDO0HFKDQLFV±
>@.LLSHU 6 %UDQQRQ - %UDQQRQ.  7KUHVKROG EHKDYLRU LQ SRO\LPLGH SKRWRDEODWLRQ 6LQJOHVKRW UDWHPHDVXUHPHQWV DQG VXUIDFH
WHPSHUDWXUHPRGHOLQJ$SSOLHG3K\VLFV$±
>@KWWSPHPVF\FORSHGLDRUJVXKWPO0DUFK
>@KWWSZZZGXSRQWFRPFRQWHQWGDPGXSRQWSURGXFWVDQGVHUYLFHVPHPEUDQHVDQGILOPVSRO\LPGHILOPVGRFXPHQWV'(&.DSWRQ
VXPPDU\RISURSHUWLHVSGI0DUFK
248   Pierre Lorenz et al. /  Physics Procedia  83 ( 2016 )  240 – 248 
>@/RUHQ]3(KUKDUGW0=LPPHU./DVHULQGXFHGIURQWVLGHDQGEDFNVLGHHWFKLQJRIIXVHGVLOLFDZLWK.U)DQG;H)H[FLPHUODVHUV
XVLQJPHWDOOLFDEVRUEHUOD\HUV$FRPSDULVRQ$SSOLHG6XUIDFH6FLHQFH±
>@ /RUHQ] 3 %D\HU / (KUKDUGW 0 =LPPHU . (QJLVFK /  1DQRVHFRQG ODVHULQGXFHG DEODWLRQ DQG ODVHULQGXFHG VKRFNZDYH
VWUXFWXULQJRISRO\PHUIRLOVGRZQWRVXEPSDWWHUQV3URFHHGLQJVRI63,(/DVHUEDVHG0LFURDQG1DQRSURFHVVLQJ,;
>@3KLSSV-U&57XUQHU73+DUULVRQ5)<RUN*:2VERUQH:=$QGHUVRQ*.&RUOLV;)+D\QHV/&6WHHOH+66SLFRFKL
.&.LQJ75,PSXOVHFRXSOLQJWRWDUJHWVLQYDFXXPE\.U)+)DQG&2VLQJOHSXOVHODVHUV-RXUQDORI$SSOLHG3K\VLFV±

>@(KUKDUGW0³Laserinduziertes nichtthermisches Hochgeschwindigkeitsumformen von Kupfer´3K'7KHVLV'LVVHUWDWLRQ8QLYHUVLWlW
/HLS]LJ
>@(KUKDUGW0/RUHQ]3=LPPHU./DVHU0LFURHPERVVLQJRI7KLQ&RSSHUDQG6LOYHU)RLOVZLWKDQ8OWUDYLROHW89([FLPHU/DVHU
/DVHULQ(QJLQHHULQJ±

